TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE USING PARTIAL SOI SUBSTRATE AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2001-398480, filed December 27, 2001, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device 
using a partial SOI substrate and a manufacturing 
method thereof and more particularly to a semiconductor 
device having elements respectively formed in an SOI 
region and non-SOI region of a partial SOI wafer in 
which the non-SOI region is formed by selectively 
removing portions of a BOX (Buried OXide) layer and 
silicon layer which are formed on partial regions of an 
SOI (Silicon On Insulator) substrate and a 
manufacturing method thereof. 

2. Description of the Related Art 

The structure having MOSFETs formed on an SOI 
substrate has a bright future for high-performance 
logic devices. However, it is known that a parasitic 
MOSFET or parasitic bipolar transistor is operated 
depending on the source-drain voltage condition due to 



the so-called substrate-floating effect when gate 
voltage which turns OFF the MOSFET is applied and a 
leakage current flows in the source-drain path. The 
above characteristic causes a problem of, for example, 

deterioration of retention for applications in which 
the specification for the leakage current is strict as 
in a memory cell transistor of the DRAM, for example, 
and is not preferable. Further, in the sense amplifier 
circuit of the DRAM, since the threshold voltages of 
the paired transistors are shifted due to the 
substrate-floating effect, the sense margin is lowered. 
Due to the above problems, it is difficult to form a 
DRAM with the same MOSFET structure as that of the 
high-performance logic circuit on the SOI substrate. 

Further, demand for a device having the high- 
performance logic circuit and DRAM mounted together 
thereon is strong and it is desired to develop the 
technique for forming the DRAM together with the logic 
device whose performance is enhanced by use of the SOI 
structure. 

For example, like a DRAM-mounted logic device 
(embedded DRAM; eDRAM) , a partial SOI substrate having 
an SOI region and non-SOI region is effectively used 
for foirming a circuit which requires both the SOI 
substrate and bulk substrate. As one of the 
manufacturing methods for forming the partial SOI 
substrate, a method for selectively etching and 



removing a silicon layer (which is referred to as an 
SOI layer) on a buried oxide layer (BOX layer) and the 
BOX layer on the SOI substrate and burying silicon in 
the etched-out region is considered. 

FIGS. lA to ID are cross-sectional views showing 
the manufacturing steps of forming the partial SOI 
substrate, for illustrating a manufacturing method of 
the conventional semiconductor device. An SOI 
substrate 11 shown in FIG. lA is formed by bonding a 
supporting substrate 12, BOX layer 13 and SOI layer 14 
by use of the wafer bonding method or the like. 

Next, as shown in FIG. IB, the SOI layer 14 on the 
SOI substrate 11 is partially removed. Then, part of 
the BOX layer 13 which corresponds to the removed 
portion of the SOI layer 14 is removed to form an 
opening 15 and expose the surface of the supporting 
substrate 12 as shown in FIG. IC. 

After this, as shown in FIG. ID, a silicon layer 
16 is formed on the supporting substrate 12 in the 
opening 15 to form a non-SOI region. 

If the partial SOI substrate is formed by use of 
the above method, the distance Al from the surface llA 
of the SOI substrate 11 to a formation interface 16A of 
the silicon layer 16 becomes almost equal to the sum A2 
of the thicknesses of the SOI layer 12 and box layer 13 
as shown in FIG. 2 and is approx. 0.3 to 0.6 pm in the 
present SOI substrate 11. 



However, if transistors or trench type memory 
cells of a DRAM are formed in the non-SOI region formed 
by use of the above manufacturing method, the active 
region of the device crosses the formation interface 
16A of the silicon layer 16 so as to significantly 
increase the leakage current and degrade the pause 
characteristic and a desired electrical characteristic 
cannot be attained, 

FIG. 3 is a cross-sectional view of a trench type 
memory cell MC of a DRAM and shows leakage current 
paths. The memory cell MC is configured by a cell 
transistor CT and a cell capacitor (trench capacitor) 
CC. A gate electrode 23 is formed above part of the 
silicon layer 16 which lies between a source region 21 
and a drain region 22 of the cell transistor CT with a 
gate insulating film 24 disposed therebetween. As 
shown in FIG. 3, the source region 21, drain region 22 
and depletion layer 25 of the cell transistor CT cross 
the formation interface 16A of the silicon layer 16. 

At the OFF time of the cell transistor CT, a 
leakage current loff flows between the source region 21 
and the drain region 22. Further, a junction leakage 
current Ij flows through a junction between the source 
region 21 and the supporting substrate 12. 

Thus, in the semiconductor device using the 
conventional partial SOI substrate and the 
manufacturing method thereof, the leakage current 



increases to a large extent and the pause 
characteristic is considerably degraded. 

BRIEF SUMMARY OF THE INVENTION 

According to an aspect of the present invention, 
there is provided a semiconductor device comprising a 
first semiconductor layer formed above a first region 
of a supporting substrate with a buried oxide layer 
disposed therebetween, and a second semiconductor layer 
formed on a second region of the supporting substrate, 
wherein an interface between the supporting substrate 
and the semiconductor layer is placed in substantially 
the same depth position as the undersurface of the 
buried oxide layer or in a position deeper than the 
buried oxide layer. 

According to an aspect of the present invention, 
there is provided a semiconductor device manufacturing 
method comprising selectively removing portions of a 
buried oxide layer and first semiconductor layer on an 
SOI substrate having the first semiconductor layer 
formed above a semiconductor substrate with the buried 
oxide layer disposed therebetween and exposing part of 
the semiconductor substrate, removing an exposed region 
of the semiconductor substrate in a depth direction, 
and burying a second semiconductor region in the region 
from which part of the semiconductor substrate has been 
removed in the depth direction. 

According to another aspect of the present 



invention, there is provided a semiconductor device 
manufacturing method comprising selectively removing 
portions of a buried oxide layer and first semi- 
conductor layer on an SOI substrate having the first 
semiconductor layer formed above a semiconductor 
substrate with the buried oxide layer disposed 
therebetween, forming a sidewall protection film on a 
sidewall of the first semiconductor layer, removing a 
portion of the remaining buried oxide layer and 
exposing the surface of the semiconductor substrate, 
and forming a second semiconductor layer on the exposed 
surface of the semiconductor substrate. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIGS. lA to ID are cross-sectional views 
sequentially showing manufacturing steps in order, for 
illustrating the conventional semiconductor device 
manufacturing method; 

FIG. 2 is a cross-sectional view showing a partial 
SOI substrate formed by use of the conventional method; 

FIG- 3 a cross-sectional view of a trench type 
memory cell of a DRAM, for illustrating leakage current 
paths; 

FIG. 4 is a cross-sectional view for illustrating 
a semiconductor device according to a first embodiment 
of this invention; 

FIG. 5 is a cross-sectional view for illustrating 
a semiconductor device according to a second embodiment 



of this invention; 

FIG. 6 is a cross-sectional view for illustrating 
a semiconductor device according to a third embodiment 
of this invention; 

FIG. 7 is a cross-sectional view for illustrating 
a semiconductor device according to a fourth embodiment 
of this invention; 

FIG. 8 is a cross-sectional view for illustrating 
a semiconductor device according to a fifth embodiment 
of this invention; 

FIGS. 9A to 9E are cross-sectional views 
sequentially showing manufacturing steps in order, for 
illustrating a semiconductor device manufacturing 
method according to a sixth embodiment of this 
invention; 

FIG. 10 is a cross-sectional view for illustrating 
another example of the semiconductor device 
manufacturing method according to the sixth embodiment 
of this invention; 

FIG. 11 is a cross-sectional view of a diode used 
to evaluate the electrical characteristic of a non-SOI 
region; 

FIG. 12 is a characteristic diagram showing the 
percentage of diodes in which a leakage current flows; 

FIG. 13 is a characteristic diagram showing the 
percentage of diodes in which a leakage current flows; 

FIG. 14 is a diagram showing the relation between 



the leakage current and the width of a depletion layer; 

FIG. 15 is a diagram showing the relation between 
the thickness of a silicon layer and the leakage 
current; 

FIGS. 16A to 16H are cross-sectional views 
sequentially showing manufacturing steps in order, for 
illustrating a semiconductor device manufacturing 
method according to a seventh embodiment of this 
invention; 

FIG. 17 is a cross-sectional view for illustrating 
another example of the semiconductor device manu- 
facturing method according to the seventh embodiment of 
this invention; and 

FIGS. 18A to IBG are cross-sectional views 
sequentially showing manufacturing steps in order, for 
illustrating a semiconductor device manufacturing 
method according to an eighth embodiment of this 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[First Embodiment] 

FIG. 4 is a cross-sectional view for illustrating 
a semiconductor device according to a first embodiment 
of this invention. In FIG. 4, a case wherein MOSFETs 
configuring a DRAM (trench type memory cells) and a 
logic circuit are formed together is shown as an 
example . 

A buried oxide layer (BOX layer) 32 is formed on a 



supporting substrate (silicon substrate) 31 and a 
silicon layer (SOI layer) 33 is formed on the buried 
oxide layer 32 to form an SOI region. Further, an 
epitaxial silicon layer 34 is formed on a region (non- 
SOI region or bulk region) in which the buried oxide 
layer 32 does not exist on the supporting substrate 31. 
The interface JS between the supporting substrate 31 
and the epitaxial silicon layer 34 is set at 
substantially the same height as the undersurface of 
the buried oxide layer 32. Further, the upper surface 
of the epitaxial silicon layer 34 is set lower than the 
upper surface of the SOI layer 33 and higher than the 
upper surface of the buried oxide layer 32. 

A MOSFET Q configuring the logic circuit is formed 
in the SOI region in which the buried oxide layer 32 is 
formed and a trench type memory cell MC of the DRAM is 
formed in the non-SOI region in which the buried oxide 
layer 32 is not formed. 

The MOSFET Q is formed in a region of the SOI 
layer 33 which is defined by an element isolation 
region 35 of STI structure. That is, a source region 
36 and a drain region 37 are separately formed in the 
SOI layer 33. A gate insulating film 38 is formed on 
part of the SOI layer 33 which lies between the source 
region 36 and the drain region 37 and a gate electrode 
39 is formed on the gate insulating film 38. 

On the other hand, the memory cell MC configured 
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by a cell transistor CT and a cell capacitor (trench 
capacitor) CC is formed in the supporting substrate 31 
and epitaxial silicon layer 34. A buried n-well region 
40 is formed near the junction (indicated by broken 
lines JS) between the supporting substrate 31 and the 
epitaxial silicon layer 34. A source region 42 and 
drain region 43 of the cell transistor CT are 
separately formed in a p-well region 41 which is formed 
on the n-well region 40. A gate insulating film 44 is 
formed on part of the epitaxial silicon layer 34 which 
lies between the source region 42 and the drain region 
43 and a gate electrode 45 is formed on the gate 
insulating film 44. Further, in the epitaxial silicon 
layer 34, a source electrode 4 6 is buried and formed in 
contact with the source region 42 and an element 
isolation region 47 is formed on the drain region 43 
side. A buried strap 48 is formed between the drain 
region 43 and the element isolation region 47. 
Further, a collar oxide film 4 9 is formed in the buried 
n-well region 40. A polysilicon layer 50 is buried or 
filled in the trench of the cell capacitor CC with an 
oxide film disposed therebetween. An impurity 
diffusion layer 51 is formed in part of the supporting 
substrate 31 which lies around the trench. The 
polysilicon layer 50 acts as one electrode of the cell 
capacitor CC and the impurity diffusion layer 51 acts 
as the other electrode. 
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As shown in FIG. A, the interface JS between the 
supporting substrate 31 and the epitaxial silicon layer 
34 is formed to cross the collar oxide film 49 without 
crossing the active region of the element, that is, the 

source region 42, drain region 43 and buried strap 48 
of the cell transistor CT and the impurity diffusion 
layer 51 of the cell capacitor CC. 

With the above structure, a depletion layer and 
impurity diffusion layers used as the source region 42, 
drain region 43 of the cell transistor CT and the 
impurity diffusion layer 51 of the cell capacitor CC do 
not extend to the interface JS between the supporting 
substrate 31 and the epitaxial silicon layer 34. As a 
result, an increase in the leakage current and a 
degradation in the pause characteristic can be 
suppressed and the electrical characteristic of a 
device formed on the non-SOI region of the partial SOI 
substrate can be enhanced. 

[Second Embodiment] 

FIG. 5 is a cross-sectional view for illustrating 
a semiconductor device according to a second embodiment 
of this invention. In FIG. 5, like the first 
embodiment, a case wherein MOSFETs configuring a DRAM 
(trench type memory cells) and a logic circuit are 
formed together is shown as an example. 

A buried oxide layer (BOX layer) 32 is formed on a 
supporting substrate (silicon substrate) 31 and a 
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silicon layer (SOI layer) 33 is formed on the buried 
oxide layer 32 to form an SOI region. Further, an 
epitaxial silicon layer 34 is formed on a region (non- 
SOI region or bulk region) in which the buried oxide 
layer 32 does not exist on the supporting substrate 31. 
The interface JS between the supporting substrate 31 
and the epitaxial silicon layer 34 is set at 
substantially the same height as the undersurface of 
the buried oxide layer 32. Further, the upper surface 
of the epitaxial silicon layer 34 is set higher than 
the upper surface of the SOI layer 33. 

Since the other basic structure is the same as 
that shown in FIG. 4, the same reference numerals are 
attached to like portions and the detailed explanation 
thereof is omitted. That is, in the semiconductor 
device according to the second embodiment, a cell 
transistor CT and a cell capacitor CC are formed so 
that the interface JS between the supporting substrate 
31 and the epitaxial silicon layer 34 will cross the 
cell capacitor CC without crossing the source region 
42, drain region 43 and buried strap 48 of the cell 
transistor CT. 

With the above structure, a depletion layer and 
impurity diffusion layers used as the source region 42, 
drain region 43 of the cell transistor CT can be formed 
so as not to extend to the interface JS between the 
supporting substrate 31 and the epitaxial silicon layer 
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34. As a result, the leakage current can be reduced 
and the electrical characteristic of a device formed on 
the non-SOI region of the partial SOI substrate can be 
enhanced. 

[Third Embodiment] 

FIG. 6 is a cross-sectional view for illustrating 
a semiconductor device according to a third embodiment 
of this invention. In FIG. 6, like the first 
embodiment, a case wherein MOSFETs configuring a DRAM 
(trench type memory cells) and a logic circuit are 
formed together is shown as an example. 

A buried oxide layer (BOX layer) 32 is formed on a 
supporting substrate (silicon substrate) 31 and a 
silicon layer (SOI layer) 33 is formed on the buried 
oxide layer 32 to form an SOI region. Further, an 
epitaxial silicon layer 34 is formed on a region (non- 
SOI region or bulk region) in which the buried oxide 
layer 32 does not exist on the supporting substrate 31. 
The interface JS between the supporting substrate 31 
and the epitaxial silicon layer 34 is set at 
substantially the same height as the undersurface of 
the buried oxide layer 32. Further, the upper surface 
of the epitaxial silicon layer 34 is set sufficiently 
higher than the upper surface of the SOI layer 33. 

Since the other basic structure is the same as 
those shown in FIGS. 4 and 5, the same reference 
numerals are attached to like portions and the detailed 
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explanation thereof is oitiitted. That is, in the 
semiconductor device according to the third embodiment, 
a cell transistor CT and a cell capacitor CC are formed 
so that the interface JS between the supporting 
substrate 31 and the epitaxial silicon layer 34 will 
cross none of the source region 42, drain region 43 and 
buried strap 48 of the cell transistor CT and an 
impurity diffusion layer 51 of the cell capacitor CC. 

With the above structure, a depletion layer and 
impurity diffusion layers used as the source region 42, 
drain region 43 of the cell transistor CT and the 
impurity diffusion layer 51 of the cell capacitor CC 
can be formed so as not to extend to the interface JS 
between the supporting substrate 31 and the epitaxial 
silicon layer 34. As a result, an increase in the 
leakage current and a degradation in the pause 
characteristic can be suppressed and the electrical 
characteristic of a device formed on the non-SOI region 
of the partial SOI substrate can be enhanced. 

[Fourth Embodiment] 

FIG. 7 is a cross-sectional view for illustrating 
a semiconductor device according to a fourth embodiment 
of this invention. In FIG. 7, like the first to third 
embodiments, a case wherein MOSFETs configuring a DRAM 
(trench type memory cells) and a logic circuit are 
formed together is shown as an example. 

A buried oxide layer (BOX layer) 32 is formed on a 
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supporting substrate (silicon substrate) 31 and a 
silicon layer (SOI layer) 33 is formed on the buried 
oxide layer 32 to form an SOI region. Further, an 
epitaxial silicon layer 34 is formed starting from the 
surface of a deeply removed portion of the supporting 
substrate 31 on a region (non-SOI region or bulk 
region) in which the buried oxide layer 32 does not 
exist on the supporting substrate 31. That is, the 
interface JS between the supporting substrate 31 and 
the epitaxial silicon layer 34 is set in a position 
deeper than the buried oxide layer 32. Further, the 
upper surface of the epitaxial silicon layer 34 is set 
at substantially the same height as the upper surface 
of the SOI layer 33. 

Since the other basic structure is the same as 
those shown in FIGS. 4 to 6, the same reference 
numerals are attached to like portions and the detailed 
explanation thereof is omitted. That is, in the 
semiconductor device according to the fourth 
embodiment, a cell transistor CT and a cell capacitor 
CC are formed so that the interface JS between the 
supporting substrate 31 and the epitaxial silicon layer 
34 will cross the cell capacitor CC without crossing 
the source region 42, drain region 43 and buried strap 
48 of the cell transistor CT. 

With the above structure, a depletion layer and 
impurity diffusion layers used as the source region 42, 



drain region 43 of the cell transistor CT can be fojnnaed 
so as not to extend to the interface JS between the 
supporting substrate 31 and the epitaxial silicon layer 
34. As a result, the leakage current can be reduced 
and the electrical characteristic of a device formed on 
the non-SOI region of the partial SOI substrate can be 
enhanced. Further, since the surfaces of the SOI 
region and non-SOI region can be set at substantially 
the same height, occurrence of a failure due to 
breakage of an interconnection layer formed on the 
above regions can be suppressed. 
[Fifth Embodiment] 

FIG. 8 is a cross-sectional view for illustrating 
a semiconductor device according to a fifth embodiment 
of this invention. In FIG. 8, like the first to fourth 
embodiments, a case wherein MOSFETs configuring a DRAM 
(trench type memory cells) and a logic circuit are 
formed together is shown as an example. 

A buried oxide layer (BOX layer) 32 is formed on a 
supporting substrate (silicon substrate) 31 and a 
silicon layer (SOI layer) 33 is formed on the buried 
oxide layer 32 to form an SOI region. Further, an 
epitaxial silicon layer 34 is formed starting from the 
surface of a sufficiently deeply removed portion of the 
supporting substrate 31 on a region (non-SOI region or 
bulk region) in which the buried oxide layer 32 does 
not exist on the supporting substrate 31. The 
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interface JS between the supporting substrate 31 and 
the epitaxial silicon layer 34 is set in a position 
sufficiently deeper than the buried oxide layer 32. 
Further, the upper surface of the epitaxial silicon 
layer 34 is set sufficiently higher than the upper 
surface of the SOI layer 33. 

Since the other basic structure is the same as 
those shown in FIGS. 4 to 7, the same reference 
numerals are attached to like portions and the detailed 
explanation thereof is omitted. That is, in the 
semiconductor device according to the fifth embodiment, 
a cell transistor CT and a cell capacitor CC are formed 
so that the interface JS between the supporting 
substrate 31 and the epitaxial silicon layer 34 will 
cross none of the source region 42, drain region 43 and 
buried strap 48 of the cell transistor CT and an 
impurity diffusion layer 51 of the cell capacitor CC. 

With the above structure, a depletion layer and 
diffusion layers used as the source region 42, drain 
region 43 of the cell transistor CT and the diffusion 
layer of the cell capacitor CC can be formed so as not 
to extend to the interface JS between the supporting 
substrate 31 and the epitaxial silicon layer 34. As a 
result, an increase in the leakage current and a 
degradation in the pause characteristic can be 
suppressed and the electrical characteristic of a 
device formed on the non-SOI region of the partial SOI 
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substrate can be enhanced. Further, since the 
difference in level of the surfaces of the SOI region 
and non-SOI region can be suppressed, a failure due to 
breakage of an interconnection layer formed on the 

regions can be suppressed. 
[Sixth Embodiment] 

Next, a manufacturing method of the semiconductor 
device described above is explained in detail with 
reference to FIGS. 9A to 9E. 

First, as shown in FIG. 9A, an SOI substrate is 
formed by bonding a silicon substrate (supporting 
substrate) 31, BOX layer 32 and SOI layer 33 by use of 
the wafer bonding method. Of course, it is possible to 
form the BOX layer 32 on the silicon substrate 
(supporting substrate) 31 and then form the SOI layer 
33 on the BOX layer 32 instead of using the wafer 
bonding method. 

Then, a protection oxide film 61 is formed on the 
SOI layer and an SiN layer 62 is formed on the 
protection oxide layer 61. At this time, the thickness 
of the BOX layer 32 is set to approx. 400 nm and the 
thickness of the SOI layer is set to approx. 200 nm. 

After this, the SiN layer 62 is patterned by use 
of PEP to partly remove the SiN layer. As shown in 
FIG. 9B, the protection oxide film 61 and SOI layer 33 
are selectively removed with the patterned SiN layer 62 
used as a mask. In this case, for removal of the 



layers, the dry-etching process is used. 

Then, with the SiN layer 62 used as a mask, the 
BOX layer 32 is selectively removed to expose the 
surface of the silicon substrate 31 (FIG. 9C) . In 
order to remove the BOX layer 32, a wet etching process 
using a solution is used, but a dry-etching process by 
plasma can also be used. 

Next, as shown in FIG. 9D, the silicon substrate 
31 is removed to a depth of approx. 1 ]am by etching to 
form a stepped portion 63 which is used to form a non- 
SOI region. As the etching process of the silicon 
substrate 31, a wet etching process using a solution 
which gives less damage is used. 

After this, as shown in FIG. 9E, a silicon layer 
34 is formed so as to be buried in the stepped portion 
63. A selective epitaxial growth method is used for 
formation of the silicon layer 34. For example, the 
selective epitaxial growth method of the silicon layer 
34 is performed by using SiH2Cl2 and HCL as material 
gas and H2 as carrier gas in a condition that the 
growth pressure is 6.7 x io3 Pa and the growth 
temperature is 1000°C. The thickness of the buried 
silicon layer 34 is 1.6 \im and the upper surface 
thereof is set at substantially the same height as the 
upper surface of the SOI layer 33. 

Then, the protection oxide film 61 and SiN layer 
62 used as the mask are removed to terminate the 
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manufacturing process of the partial SOI substrate. 

After this, MOSFETs configuring a logic circuit 
are formed in the SOI layer 33 and trench type memory 
cells are formed in the silicon layer 34 by a known 

5 manufacturing process. 

According to the above manufacturing method, a 
semiconductor device with the structure shown in FIG. 7 
can be obtained. 

^ Further, as shown in FIG. 10, if the thickness of 

Q 10 the buried silicon layer 34 is set to 1.8 \m, for 

.,2 example, the upper surface of the silicon layer 34 is 

^ set higher than the upper surface of the SOI layer 33 

and a semiconductor device with the structure shown in 
O FIG. 8 can be obtained. 

fy 15 In order to evaluate the electrical characteristic 

£3 of the non-SOI region formed by the above method, 112 

fy 

diodes having the same structure as a diode as shown in 
FIG. 11 were formed in the substrate surface and the 
evaluation of the junction leakage characteristic was 

20 carried out. In the diode, a p-type well region 72 

formed on the surface of a p-type semiconductor region 
71 acts as an anode and an n-type impurity diffusion 
layer 73 acts as a cathode. An element isolation oxide 
film 74 is formed on the p-type well region 72 and an 

25 Al electrode 75 is electrically connected to the n-type 

impurity diffusion layer 73 via an opening formed in 
the element isolation oxide film 7 4 in a position 



corresponding to the n-type impurity diffusion layer 
73. Reverse bias voltage is applied to the diode from 
a DC power supply E to form a depletion layer 76 
therein. 

In this example, the thickness A4 of the epitaxial 
silicon layer 34 formed on the silicon substrate 31 is 
changed. 

Diodes used for evaluation of the electrical 
characteristics were each formed by use of the 
following process. First, a p-type well region 72 with 
the impurity concentration of 5.0 x lo^^ atoms/cm^ was 
formed to a depth of approx. 1.0 \im on a p-type silicon 
substrate 31 with a resistivity of 1 to 2 Qcm by ion 
implantation. Then, an n-type impurity diffusion layer 
73 with an impurity concentration of 1.0 x lO^^ to 
1.0 X 10^0 atoms/cm^ and the junction area of 1.0 mm^ 
was formed to a junction depth of 0.2 pm in the p-type 
well region 72 by ion implantation. After this, an 
element isolation oxide film 74 was formed by use of 
TEOS and an Al electrode 75 was finally formed to 
complete a diode. 

As the electrical characteristic, the presence or 
absence of a leakage current when reverse bias voltages 
of 2 V and 4 V were applied to the diode was evaluated. 
At this time, it was confirmed that the depletion layer 
76 was extended by approx. 0.25 yim and 0.4 ]im, 
respectively . 
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First, the percentage of diodes in which leakage 
currents flowed with respect to all of the diodes was 
evaluated. The percentage of diodes in which leakage 
currents flowed is shown in FIGS. 12 and 13. For 
comparison, a case wherein samples in which the 
thickness A4 of the silicon layer 34 is set at 0, 0.1, 
0.3 and 0.5 \m. are used is also shown. As a result, it 
was confirmed that the percentage of diodes in which 
leakage currents flowed with respect to the diodes each 
formed in the non-SOI region (the thickness of the 
silicon layer is 1.6, 1.8 pm) according to this 
invention was as small as 2% or less. However, among 
the samples in which the thickness A4 of the silicon 
layer 34 was set at 0 to 0.3 \im, leakage currents 
flowed in the diodes of approx. 50% irrespective of the 
magnitude of the reverse bias voltage (magnitude of the 
width of the depletion layer A3) . Further, among the 
samples in which the thickness A4 of the silicon layer 
was set at 0.5 pm, leakage currents flowed in the 
diodes of only approx. 2% when the reverse bias voltage 
was 2 V (the width of the depletion layer A3 = 0.25 \im) 
and leakage currents flowed in the diodes of approx. 
50% when the reverse bias voltage was 4 V (the width of 
the depletion layer A3 = 0.4 \xm) . 

The relation between the leakage current and the 
width of the depletion layer is shown in FIG. 14. As 
is clearly seen from FIG. 14, the leakage current may 
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flow in some cases when the formation interface JS of 
the silicon layer 34 crosses the impurity diffusion 
layer or depletion layer. The relation between the 
thickness A4 of the silicon layer 34 and the leakage 
current obtained by the experiment is shown in FIG. 15. 

It is understood from the above result that the 
leakage current can be suppressed and a partial SOI 
substrate of high quality with an excellent electrical 
characteristic can be formed by preventing the 
formation interface JS of the silicon layer 34 from 
extending to the impurity diffusion layer or depletion 
layer of the device when the partial SOI substrate 
having a non-SOI region is formed. 

[Seventh Embodiment] 

FIGS. 16A to 16H show another manufacturing method 
of a semiconductor device. In the present embodiment, 
a sidewall protection film is formed after the stepped 
portion is formed in the manufacturing method of the 
semiconductor device according to the sixth embodiment. 
By forming the sidewall protection film, growth of 
silicon from the SOI layer exposed to the sidewall of 
the stepped portion can be suppressed and formation of 
a bump on the boundary between the non-SOI region and 
the SOI region on the substrate surface can be 
suppressed. 

That is, the steps shown in FIGS. 16A to 16D are 
the same as those of FIGS. 9A to 9D in the sixth 
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embodiment. Therefore, the same reference numerals are 
attached to like potions and the detailed explanation 
thereof is omitted. 

Next, as shown in FIG. 16E, an oxide film 64 is 

formed on the exposed surfaces of the silicon substrate 
31 and SOI layer 33. The thermal oxidation method is 
used for formation of the oxide film 64, 

Then, as shown in FIG. 16F, a sidewall protection 
film 65 is formed. SiN is used to form the sidewall 
protection film 65. 

After this, as shown in FIG. 16G, part of the SiN 
film 65 except the sidewall thereof is removed. For 
removal of part of the SiN film 65 except the sidewall 
thereof, an etching method using plasma which is an 
anisotropic etching method is used. Then, part of the 
oxide film 64 which lies on the surface of the silicon 
substrate 31 is etched and removed and formation of the 
stepped portion 63 is terminated. In this case, for 
the etching process, a wet etching process which gives 
less damage is used. 

Next, a silicon layer 34 is formed so as to be 
buried or filled in the stepped portion 63. The film 
formation condition of the silicon layer 34 is the same 
as that of the sixth embodiment. 

Then, the protection oxide film 61 and SiN layer 
62 on the SOI layer 33 are removed and formation of the 
partial SOI substrate is terminated. 
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After this, MOSFETs configuring a logic circuit 
are formed in the SOI layer 33 and trench type memory 
cells are formed in the silicon layer 34. 

According to the above manufacturing method, a 
semiconductor device with the structure as shown in 
FIG. 7 can be obtained. 

The electrical characteristic of the non-SOI 
region formed by the above method was evaluated in the 
same manner as that in the sixth embodiment. As a 
result, with the manufacturing method according to the 
seventh embodiment, the percentage of diodes in which 
leakage currents flowed was 2% or less and a partial 
SOI substrate of high quality could be obtained. 

Further, as shown in FIG. 17, if the thickness of 
the silicon layer 34 is set to 1.8 pm, for example, 
when it is buried in the stepped portion 63, the upper 
surface of the silicon layer 34 is set higher than the 
upper surface of the SOI layer 33 and a semiconductor 
device with the structure as shown in FIG. 8 can be 
obtained. 

[Eighth Embodiment] 

FIGS. 18A to 18G show still another manufacturing 
method of a semiconductor device. In the present 
embodiment, a structure in which a silicon layer is 
buried without removing a silicon substrate by etching 
is formed and the thickness thereof is larger than the 
sum of the thicknesses of a BOX layer and SOI layer. 



That is, the steps shown in FIGS. 18A and 18B are 
the same as those of FIGS. 16A and 16B in the seventh 
embodiment. Therefore, the same reference numerals are 
attached to like potions and the detailed explanation 
thereof is omitted. 

Next, as shown in FIG. 18C, part of a BOX layer 32 
is removed. For removal of the BOX layer 32, a dry- 
etching process using plasma or a wet etching process 
using a solution is used. 

Then, as shown in FIG. 18D, a sidewall protection 
film 65 is formed. SiN is used to form the sidewall 
protection film 65. 

After this, as shown in FIG. 18E, part of the SiN 
film 65 except the sidewall thereof is removed. For 
removal of part of the SiN film 65 except the sidewall 
thereof, an etching method using plasma which is an 
anisotropic etching method is used. 

Next, as shown in FIG. 18 F, the remaining part of 
the BOX layer 32 is removed and formation of an opening 
portion 66 is terminated. In this case, for removal of 
the BOX layer 32, a wet etching process which gives 
less damage is used. 

Then, as shown in FIG. 18G, a silicon layer 34 is 
formed so as to be buried or filled in the opening 
portion 66. For formation of the silicon layer 34, a 
method for selectively epitaxial-growing silicon is 
used. The film formation condition of the silicon 



layer is the same as that of each of the sixth and 
seventh embodiments. 

Next, the protection oxide film 61 and SiN layer 
62 on the SOI layer 33 are removed and formation of the 
partial SOI substrate is terminated. 

After this, MOSFETs configuring a logic circuit 
are formed in the SOI layer 33 and trench type memory 
cells are formed in the silicon layer 34. 

According to the above manufacturing method, 
semiconductor devices with the structures as shown in 
FIGS. 4 to 6 can be obtained according to the thickness 
of the epitaxial silicon layer 34. That is, the 
semiconductor device with the structure shown in FIG. 4 
can be obtained by setting the upper surface of the 
epitaxial silicon layer 34 lower than the upper surface 
of the SOI layer 33 and higher than the upper surface 
of the buried oxide layer 32. Further, the semi- 
conductor device with the structure shown in FIG. 5 can 
be obtained by setting the upper surface of the 
epitaxial silicon layer 34 higher than the upper 
surface of the SOI layer 33. In addition, the 
semiconductor device with the structure shown in FIG. 6 
can be obtained by setting the upper surface of the 
epitaxial silicon layer 34 sufficiently higher than the 
upper surface of the SOI layer 33. 

The electrical characteristic of the non-SOI 
region formed by the above method was evaluated in the 



same manner as that in the sixth and seventh 
embodiments. As a result, in the partial SOI substrate 
according to the eighth embodiment, the percentage of 
diodes in which leakage currents flowed was 2% or less 
and a partial SOI substrate of high quality could be 
obtained. 

[Ninth Embodiment] 

In the ninth embodiment, the exposed surface of a 
supporting substrate 31 is subjected to heat treatment 
(hydrogen annealing process) after the surface of the 
supporting substrate (silicon substrate) 31 is exposed 
and before an epitaxial silicon layer 34 is formed in 
the manufacturing method of the semiconductor device 
according to any one of the sixth to eighth 
embodiments. By performing the hydrogen annealing 
process, COP (Crystal Originated Particle) of the 
exposed portion of the silicon substrate 31 and BMD 
(Bulk Microdefect) of a portion near the exposed 
portion can be eliminated and a DZ (Denuded Zone) layer 
can be formed. Further, the concentration of oxygen in 
a portion of the silicon substrate 31 which lies near 
the interface between the silicon substrate 31 and the 
epitaxial silicon layer 34 is lower than the 
concentration of oxygen in a portion of the silicon 
substrate 31 which lies near and directly under the BOX 
layer 32. 

By the above manufacturing method, the effect of 



suppression of an increase in the leakage current and 
retention thereof can be further improved. 

As described above, according to one aspect of 
this invention, a semiconductor device using the 
partial SOI substrate and the manufacturing method 
thereof in which an increase in the leakage current and 
a degradation in the pause characteristic can be 
suppressed can be obtained. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



